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SEMICONDUCTOR WAFERS HAVING ASYMMETRIC EDGE PROFILES 

THAT FACILITATE HIGH YIELD PROCESSING BY INHIBITING 
PARTICULATE CONTAMINATION AND METHODS OF FORMING SAME 

Reference to Priority Application 

This application claims priority to U.S. Provisional Application Serial 
No. 60/407,516, filed August 29, 2002, the disclosure of which is hereby 
incorporated herein by reference. 

Field of the Invention 

The present invention relates to semiconductor wafer manufacturing 
methods, and more particularly, to semiconductor device manufacturing 
methods that utilize semiconductor wafers as substrates in high volume 
manufacturing processes. 

Background of the Invention 

Conventional semiconductor device manufacturing methods 
frequently include repeated steps to deposit thin films on semiconductor 
wafers. In some instances, one or more of these thin films is removed 
using conventional etching techniques. Such etching techniques may 
include using a plasma during an etching step to remove a previously 
deposited thin film(s). Because plasma etch rates may be proportional to a 
distance between the thin film and a source of the plasma, it is typically 
advantageous that the distance between the thin film and the plasma 
source be uniform across an entire wafer containing the thin film thereon. 
Such uniform distance typically enhances the etching technique by insuring 
a uniform etch rate and minimizing the amount of thin film residues that are 
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present upon completion of the etching step. Unfortunately, the volume of 
thin film residues present at the end of an etching step, or upon completion 
of a sequence of etching steps, may be significant adjacent the edge of the 
wafer if a profile of the edge causes the distance between a top surface of 
the wafer and the etching source to vary significantly. This "build-up" in 
thin film residue at a periphery of the wafer may result in reduced wafer 
yield if subsequent process steps cause a transfer of thin film particles from 
the residues to other portions of the top surface of the wafer. For example, 
a cleaning step that involves passing a cleaning solution laterally across 
the top and bottom surfaces of the wafer may dislodge particulates from 
the built-up residues and redeposit these particulates on active portions of 
the wafer. As will be understood by those skilled in the art, these 
redeposited particulates may operate as substantial defects on integrated 
circuit dies that are cut from the wafer at the end of a semiconductor device 
manufacturing process. Such defects may cause the dies to be discarded 
as defective during reliability testing. 

Conventional techniques have been developed to manufacture 
semiconductor wafers having asymmetric edge profiles. For example, U.S. 
Patent No. 4,630,093 discloses a wafer with an asymmetric peripheral 
edge with regard to a middle plane of the wafer. This asymmetric 
peripheral edge is used to denote the front and rear surfaces of the 
semiconductor wafer. In particular, FIG. 2 of the '093 patent illustrates a 
wafer having a peripheral edge that is in the shape of a half-round. The 
radius of curvature of the half-round changes in the direction of thickness. 
U.S. Patent Nos. 5,021,862, 5,045,505 and 5,110,764 also disclose 
semiconductor wafers having asymmetric edge profiles. These edge 
profiles have beveled portions that are formed along circumferential edges 
of front and back surfaces of the wafers. The circumferential edges are 
described as preventing chipping during wafer handling. U.S. Patent Nos. 
5,225,235, 5,230,747 and 5,279,992 also disclose wafers having rounded 
and/or chamfered edges that are utilized to prevent wafer chipping. 
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Notwithstanding advances in semiconductor wafer processing and 
the conventional use of semiconductor wafers having asymmetric edge 
profiles, there continues to be a need for semiconductor wafer 
manufacturing methods that result in wafers that are less susceptible to 
processing defects caused by residue formation on wafer edges. 

Summary of the Invention 

Semiconductor wafers according to embodiments of the present 
invention utilize asymmetric edge profiles (EP) to facilitate higher yield 
semiconductor device processing. These edge profiles are configured to 
reduce the volume of thin film residues that may form on a top surface of a 
semiconductor wafer at locations adjacent a peripheral edge thereof. 
These edges profiles are also configured to inhibit redeposition of residue 
particulates on the top surfaces of the wafers during semiconductor 
processing steps. Such steps may include surface cleaning and rinsing 
steps that may include passing a cleaning or rinsing solution across a wafer 
or batch of wafers that are held by a cartridge and submerged in the 
solution. 

Some embodiments of the present invention include a 
semiconductor wafer having an asymmetric edge profile (EP2) extending 
between an inner edge profile (EP2 jn ) and an outer edge profile (EP2 0Ut ) as 
illustrated by FIG. 2. In FIG. 2, the reference character T denotes a 
thickness of the semiconductor wafer and the angle denotes an angle in 
a range between about 30° and about 85°, and more particularly in a range 
between about 60° and about 75°. The angle (J> 2 is greater than 4^ and less 
than about 85°, and more particularly less than about 75°. Alternatively, the 
angles <J) 2 and may be equal, as illustrated by FIG. 1. The reference 
character "R" denotes a radius of an arc that defines EP2 in at a point of 
intersection with a top surface of the semiconductor wafer. The angle a is 
an acute angle that represents an angle of intersection between a bottom 
surface of the semiconductor wafer and a line that is tangent to the arc at a 
point on the outer edge profile EP2 0Ut . Four dimensional parameters may 
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also be specified in accordance with the following relationships: A 1 =R(1- 
coscj^); A 2 =R(1-sina) + (B 2 - Rcosa)cota; B^Rsin^; and B 2 =t-Rsin(J) 1 . As 
illustrated by FIG. 2, the dimensional parameter A 1 is kept relatively small 
compared to the thickness of the wafer in order to reduce a volume of any 
thin film residue that may form on a peripheral edge of the wafer. 
Moreover, the contours of the edge profile EP2 OUT facilitate a formation of a 
vortex adjacent the top surface of the wafer when the wafer is exposed to a 
laterally directed solution (e.g., cleaning, rinsing). This vortex inhibits the 
deposition of residue particulates on the top surface during cleaning and 
rinsing and thereby enhances manufacturing yields. 

Other embodiments of the present invention include forming a 
semiconductor wafer by slicing a semiconductor ingot into at least one 
semiconductor wafer having a top surface and a bottom surface and then 
grinding a peripheral edge of the at least one semiconductor wafer to 
define the asymmetric edge profile (EP) illustrated by FIG. 1 . A polishing 
step may then be performed to convert the edge profile (EP) of FIG. 1 into 
the edge profile (EP2) of FIG. 2. Alternatively, the step of grinding the 
peripheral edge may directly result in an edge profile as illustrated by FIG. 
2. 

Brief Description of the Drawings 

FIG. 1 is a transverse cross-sectional view of a semiconductor wafer 
having an asymmetric peripheral edge according to a first embodiment of 
the present invention. 

FIG. 2 is a transverse cross-sectional view of a semiconductor wafer 
having an asymmetric peripheral edge according to a second embodiment 
of the present invention. 

FIG. 3A is a transverse cross-sectional view of a portion of a 
semiconductor wafer having a symmetric peripheral edge according to the 
prior art. 

FIG. 3B is a transverse cross-sectional view of a portion of a 
semiconductor wafer having a symmetric peripheral edge according to the 
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prior art. 

FIG. 4A is a simulated view of fluid flow lines that pass over the 
peripheral edge of the wafer of FIG. 3A during cleaning or rinsing. 

FIG. 4B is a simulated view of fluid flow lines that pass over the 
peripheral edge of the wafer of FIG. 3B during cleaning or rinsing. 

FIG. 4C is a simulated view of fluid flow lines that pass over the 
peripheral edge of the wafer of FIG. 2 during cleaning or rinsing. 

Description of Preferred Embodiments 

The present invention now will be described more fully with 
reference to the accompanying drawings, in which a preferred embodiment 
of the invention is shown. This invention may, however, be embodied in 
many different forms and should not be construed as being limited to the 
embodiment set forth herein; rather, this embodiment is provided so that 
this disclosure will be thorough and complete, and will fully convey the 
scope of the invention to those skilled in the art. 

Referring now to FIGS. 1-2, transverse cross-sectional views of 
semiconductor wafers according to embodiments of the present invention 
are illustrated. These wafers have asymmetric edge profiles (EP). In FIG. 
1 , the edge profile EP of a wafer extends between an inner edge profile, 
shown as curve EP (N , and an outer edge profile, shown as curve EP OUT . As 
illustrated, the curves EP, N and EP 0UT overlap adjacent the top surface of 
the wafer in FIG. 1 . However, the straight line portions of EP IN and EP oux 
that are adjacent a bottom surface of the wafer of FIG. 1 define an 
innermost and outermost range of acceptable bottom edge profiles that 
may be entirely linear or curvilinear (e.g., piecewise curvilinear), for 
example. This range is illustrated with shading in FIGS. 1-2. The 
reference character T also denotes a thickness of the semiconductor 
wafer and the angle (J^ denotes an angle in a range between about 30° and 
about 85°, and more particularly in a range between about 60° and about 
75°. The angle 4> 2 is greater than 4> 1 and less than about 85°, and more 
particularly less than about 75°. Alternatively, the angles (J) 2 and fy^ may be 
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equal, as illustrated by FIG. 1 . The reference character "R" denotes a 
radius of an arc that defines EP in in FIG. 1 (EP2 jn in FIG. 2) at a point of 
intersection with a top surface of the semiconductor wafer. The angle a is 
an acute angle that represents an angle of intersection between a bottom 
surface of the semiconductor wafer and a line that is tangent to the arc at a 
point on the outer edge profile EP 0Ut in FIG. 1 or EP2 0ut of FIG. 2. Four 
dimensional parameters may also be specified in accordance with the 
following relationships: A^R^-cosc^); A 2 =R(1-sina) + (B 2 - Rcosa)cota; 
B^Rsinc^; and B 2 =t-RsincJ) 1 . As illustrated by FIGS. 1-2, the dimensional 
parameter A 1 is kept relatively small compared to the thickness of the wafer 
in order to reduce a volume of any thin film residue that may form on a 
peripheral edge of the wafer. In some embodiments, the wafer thickness t 
is in a range between about 625 pm and about 825 pm and the arc radius 
R is in a range between about 0.23t and about 0.5t. The dimension A 2 is 
also preferably greater than about two times A 1 in some embodiments. 

According to preferred aspects of these embodiments, the contours 
of the edge profile EP OUT in FIG. 1 or EP2 0UT in FIG. 2 facilitate a formation 
of a vortex adjacent the top surface of the wafer when the wafer is exposed 
to a laterally directed solution (e.g., cleaning, rinsing) during semiconductor 
device manufacturing processes. This vortex provides a barrier layer that 
inhibits the deposition of residue particulates on the top surface during 
cleaning and rinsing and thereby enhances manufacturing yields. 

The formation of a vortex during processing is best illustrated by 
FIG. 4C, where the label "WAFER C" corresponds to a wafer having the 
edge profile illustrated by FIG. 2. In particular, FIG. 4C is a simulated view 
of fluid flow lines that pass over the peripheral edge of the wafer of FIG. 2 
during cleaning or rinsing. In contrast, FIGS. 4A-4B are simulated views of 
fluid flow lines that pass over the peripheral edges of the wafers of FIGS. 
3A (WAFER A) and 3B (WAFER B) during cleaning or rinsing. These fluid 
flow lines in FIGS. 4A-4B demonstrate the absence of a protective vortex. 
The conventional wafers of FIGS. 3A and 3B have symmetric edge profiles 
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where A 1 =A 2 and B,=B 2 . 

Other embodiments of the present invention include forming a 
semiconductor wafer by slicing a semiconductor ingot into at least one 
semiconductor wafer having a top surface and a bottom surface and then 
grinding a peripheral edge of the at least one semiconductor wafer to 
define the asymmetric edge profile (EP) illustrated by FIG 1. A top surface 
polishing step may then be performed to convert the edge profile (EP) of 
FIG. 1 into the edge profile (EP2) of FIG. 2. Alternatively, the step of 
grinding the peripheral edge may directly result in an edge profile as 
illustrated by FIG. 2. 

In the drawings and specification, there have been disclosed typical 
preferred embodiments of the invention and, although specific terms are 
employed, they are used in a generic and descriptive sense only and not 
for purposes of limitation, the scope of the invention being set forth in the 
following claims. 
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